We are investigating catalytically enhanced production of singlet oxygen, O 2 (a 1 Δ g ), observed by reaction of O 2 /He discharge effluents on an iodine oxide film surface in a microwave discharge-flow reactor at 320 K. We have previously reported a two-fold increase in the O 2 (a) yields by this process, and corresponding enhancement of I( 2 P 1/2 ) excitation and small-signal gain upon injection of I 2 . In this paper we report further observations of the effects of elevated temperature up to 410 K, and correlations of the catalytically generated O 2 (a) with atomic oxygen over a large range of discharge-flow conditions. We have applied a diffusion-limited reaction rate model to extrapolate the catalytic reaction rates to the highpressure, fast-flow conditions of the subsonic plenum of a supersonic EOIL test reactor. Using the model and the flow reactor results, we have designed and implemented a first-generation catalytic module for the PSI supersonic MIDJet/EOIL reactor. We describe preliminary tests with this module for catalyst coating deposition and enhancement of the small-signal gain observed in the supersonic flow. The observed catalytic effect could significantly benefit the development of high-power electrically driven oxygen-iodine laser systems.
INTRODUCTION
The reactions of molecular iodine with O 2 (a 1  g ) and O( 3 P) produced by an electric discharge give rise to energy transfer excitation and lasing on the I( 2 P 1/2 )  I( 2 P 3/2 ) transition. Efficient gas-phase electrical generation of O 2 (a) is a key requirement for advanced development of the Electric Oxygen-Iodine Laser (EOIL) as a high energy laser system . The conventional EOIL uses an electric discharge of a flowing oxygen gas mixture to generate O 2 (a) and atomic oxygen, which subsequently react with molecular iodine (I 2 ) in a series of reactions to excite the atomic iodine lasing transition at 1.315 m. The viability of EOIL has been demonstrated through measurements of positive gain and lasing in a variety of laboratory systems at low to moderate discharge powers. [1] [2] [3] [4] [5] [6] [7] [8] In particular, work reported at this conference describes detailed measurements of high beam quality 9 and scaling to unprecedented high gains and output powers 10 for EOIL test reactors.
The O 2 (a) production efficiency is one of the key aspects of EOIL system design and scaling. O 2 (a) excites the lasing species through a near-resonant, reversible energy exchange: O also plays a role in the kinetics downstream of the discharge region by quenching I*:
Based on the most recent determination of the rate coefficient for Reaction (6) , 11 this reaction is not fast enough to account for all of the I* quenching loss we observe. We believe the remainder of the I* quenching is due to an electronic-to-vibrational energy transfer channel: 7 I* + O 2 → I + O 2 (v).
To partially offset the I* quenching loss, it is necessary to carefully control the O concentration through titrations with NO 2 and/or NO [1] [2] [3] [4] [5] so that [O] is large enough to dissociate I 2 but small enough to minimize I* quenching.
This paper describes ongoing research into a previously unknown catalytic phenomenon which enhances O 2 (a) yields in the effluent of electric discharges of gas mixtures of O 2 and helium. We have previously described observations of the rapid formation of catalytically active iodine oxide films, (IO 2 ) n , on the discharge-flow reactor wall for certain combinations of discharge conditions, injected I 2 concentrations, and reactor wall surface characteristics. 12, 13 Once the thin film is formed, the catalytically enhanced O 2 (a) yields are observed to be as much as two times greater than for the same experimental conditions with clean reactor walls. 12 The greatly increased O 2 (a) yields promote substantial increases in the I*/I inversion ratio when I 2 is injected into the subsonic, room-temperature flow stream. 13 In the room-temperature subsonic flow downstream of the coated region, we have observed O 2 (a) yields as high as ~45% and I*/I inversions approaching transparency despite the quenching losses. Addition of NO 2 results in positive small-signal gain. 13 The catalytic process is accompanied by large reductions in the O concentrations, suggesting that the catalyst converts O into O 2 (a) in a very efficient gas-surface reaction sequence which is much more rapid than diffusion of the reacting species to the surface. The catalytic coating is quite stable and easy to maintain at room temperature. Exposure to ambient air degrades the catalyst, probably due to H 2 O adsorption, however the surface is easily reactivated in vacuo. 12, 13 Here we describe measurements of temperature effects, correlations with gas-surface contact times and initial O concentrations, and initial application to a supersonic EOIL test reactor.
EXPERIMENTAL APPARATUS
The experiments were performed in a conventional microwave discharge-flow reactor [5] [6] [7] 12, 13 with the configuration shown in Fig. 1 . The main gas flow was a mixture of O 2 in He at 1.5 to 9 Torr and various mole fractions of O 2 . To generate the catalytic iodine oxide coating, the discharge was operated on 5% O 2 /He at 1.5 to 3 Torr, and I 2 was injected into the discharge effluent as described below. The discharge gas mixture flowed through a section of 1.4 cm (o.d.) glass tubing containing a 2450 MHz microwave discharge at 70-110 W power, using an Evenson-style resonant cavity, and then into a 5 cm (i.d.) glass flow reactor. The discharge effluent in the flow reactor contained O 2 (a) and O, and, at the higher pressures, small amounts of O 3 , as determined by direct measurements of these species concentrations. Ions and short-lived metastable species produced in the discharge were rapidly removed by gas phase and wall collisions upstream of the reaction zone. Upon entering the main flow reactor, the discharge effluent passed through a 5 cm (i.d.), etched glass tube, where the catalytic coating was generated on the roughened glass surface by adding I 2 through a movable loop injector. I 2 vapor was generated by passing a flow of helium over a bed of iodine crystals. For the coating generation, the iodine source was maintained at room temperature, resulting in I 2 flow rates of 0.09 to 1.3 mole/s and initial I 2 concentrations in the main flow reactor of ~(1 to 3) x 10 13 cm -3 . The progress of the coating process was monitored by visual observations of yellow I 2 (BX) chemiluminescence as O concentrations were reduced below the O + I 2 titration equivalence point, 12, 13 and by observing the increases in O 2 (a) emission intensity at the optical measurement port. When a coating of the desired length and surface coverage was completed, the I 2 flow was turned off and O 2 (a) enhancements were observed for a variety of flow conditions as shown below. All the measurements were accompanied by baseline measurements of discharge-produced O 2 (a) in the absence of the coating, for each flow condition. The differences between O 2 (a) concentrations observed with and without the coating gave the catalytically generated O 2 (a) concentration for each case. The reactive species concentrations were determined by optical methods at the upstream window port of the diagnostic cell shown in Fig. 1 . The O 2 (a) and I* concentrations were determined from the intensities of the O 2 (a→X) emission band centered at 1.27 m and the I* emission feature at 1.315 m, respectively, observed at 0.3 nm spectral resolution using a fiber-coupled InGaAs array spectrometer calibrated for absolute spectral responsivity. Spectral fitting analysis of the rotational distributions of the O 2 (aX) spectra provided a measure of the rotational and therefore gas temperatures. Atomic oxygen concentrations in the non-catalytic case were determined from the intensity of the O + NO air-afterglow chemiluminescence, 14 observed using a fiber-coupled photometer spectrally filtered at 580 nm. The photometer was calibrated for absolute responsivity using a combination of radiometric calibrations with a blackbody source and titrimetic calibrations with known O and NO concentrations. O 3 concentrations were determined by high-precision dualbeam absorption photometry at 253.7 nm. 
RESULTS AND ANALYSIS

Effects of elevated temperatures on catalyst activity
EOIL subsonic plena typically operate at elevated temperatures due to discharge heating effects at high discharge powers and high gas flow rates. It is important to establish the physical and chemical stability of the catalyst at elevated temperatures. We conducted a series of tests to provide an initial evaluation of the temperature effects. We generated a catalytically active yellow coating with ~10 cm length on the inner surface of the 2-inch glass flow tube. Using heating tape wrapped around the coated region, we varied the temperature from 300 K to 410 K, as monitored by a thermocouple attached to the outer wall of the glass flow tube. At each temperature, we observed the emission from catalytically enhanced O 2 (a) at 1270 nm (in the absence of added I 2 ), and the trace I* emission signal at 1315 nm that is produced from the interactions of the active-oxygen species with the coating. (Note that the I* concentrations produced in this manner are very low, on the order of 10 9 cm -3 , however this measurement relates empirically to the chemistry at the catalytic iodine oxide surface.) The flow conditions were 5% O 2 in He at 2.3 mmole/s and pressures of 1.5 Torr (~1420 cm/s) and 3 Torr (~710 cm/s). Prior to any of the coating experiments, we observed O 2 (a) concentrations vs. temperature with no catalytic coating. These measurements showed that the discharge-generated O 2 (a) concentration observed at the measurement port was invariant with the flow tube temperature, as expected.
Observations of the catalytically produced [O 2 (a)] are shown in Figure 2 . These values were determined by subtracting the discharge-produced component, observed without the coating, from the enhanced O 2 (a) concentration observed with the coating. We observed that the catalytic O 2 (a) production activity is invariant with catalyst temperature up to ~410 K (~140 C). However, at ~400 K (130 C), we observed a pronounced change in color of the catalyst, from yellow to brown. We also monitored the emission signal from trace levels of I*, which arise from reactions involving the activeoxygen species and the iodine oxide coating in the absence of injected I 2 . As shown on the right-hand axis in Figure 2 , the I* concentrations are invariant with temperature below 380 K but rise sharply at higher temperature. This increase in [I*] appears to correlate with the change in the color of the coating. Thus it appears that some degradation and/or decomposition of the catalytic material may be beginning at ~400 K, however this does not result in a decrease in the O 2 (a) production activity. We did not pursue these measurements at higher temperatures to avoid damage to the o-ring that seals the connection between the catalytic glass flow tube and the stainless steel diagnostics cell. We conclude that the catalyst is stable up to temperatures of ~400 K, and begins to decompose at temperatures above that. This is somewhat more stable than the oxides I 2 O 4 and I 4 O 9 , which reportedly decompose at ~370 K. 
Effects of contact time, O 2 mole fraction, and O concentration
The gas-surface reaction(s) producing O 2 (a) appear to be so fast that the O 2 (a) production rate is limited by gas-phase diffusion to the surface. In addition, it appears that the general reaction mechanism is recombination of O-atoms to form O 2 (a). To test these hypotheses, we conducted a series of experiments for different flow velocities and coating lengths to vary the gas-surface contact time, for different pressures to vary the precursor diffusion rate to the walls, and for different O 2 mole fractions to vary the speciation within the discharge effluent flow.
We conducted measurements for identical flow conditions using two 5 cm (i.d.) glass flow reactors with the same length and configuration: one with smooth uncoated walls, and one with internally roughened inner walls. We made measurements for three surface conditions: smooth uncoated glass, rough uncoated glass, and rough glass coated by the iodine oxide catalyst. The smooth glass measurements verified that the observed catalytic enhancement of O 2 (a) was indeed due to chemistry and not to simple physical coverage of the rough surface by the coating; removal of O 2 (a) by the increased accommodation coefficient of the roughened surface was small to negligible for the conditions studied.
A commercial sandblasting technique provided the internally roughened surface. We generated coatings of two lengths, 4 cm and 10 cm, on the inner surface of the 5 cm (i.d.) tube. The downstream end of each coating was at the junction between the glass tube and the Teflon-coated stainless steel diagnostic cell, some 5 cm upstream of the O 2 (a) measurement window. The resonant-cavity microwave discharge operated at 100 W power and 2450 MHz. The discharge gas mixtures were O 2 and He with O 2 mole fractions of 5% and 50%. For each reactor surface and discharge gas mixture, we performed O 2 (a) measurements for four flow rates at each of four pressures: 1.49, 2.23, 2.98, and 3.72 mmole/s (2, 3, 4, and 5 slm), and 1.5, 3, 6, and 9 Torr. This combination covered a wide range of flow velocities, 160 to 2400 cm/s, and gas-surface contact times, 1.7 to 62 ms. O 2 (a) concentrations were determined in the usual manner via absolutely calibrated O 2 (aX) emission measurements at the upstream window of the diagnostic cell. O 2 (a) concentrations produced by the gas-surface catalytic process were determined by taking the differences between O 2 (a) concentrations observed with the coating and those observed for the uncoated rough-surface flow tube for the same O 2 mole fraction, flow rate, and pressure. This approach removes variations in O 2 (a) production by the discharge due to changes in E/N, O 2 /He ratio, and discharge residence time. Gas temperatures in the reaction zone are typically ~320 K, and are determined by analysis of the rotational distributions in the O 2 (aX) emission spectra.
The initial O concentrations produced by the discharge were determined in a separate set of measurements using the smooth uncoated glass flow tube. We determined [O] by observing the O + NO air-afterglow intensity at a location in the flow tube that was 11 cm upstream of the O 2 (a) measurement window, just upstream of the location of the catalytic section. In this procedure, a small flow rate of NO (<2 mole/s) is introduced through the loop injector, and the intensity of the O + NO chemiluminescence is observed at 580 nm by a fiber-coupled, bandpass-filtered photomultiplier ~2.7 cm downstream of the loop. (The distance from the loop to the measurement point is chosen to be long enough to ensure complete mixing of the injected NO with the ambient gas flow.) We have previously calibrated the photometer by radiometric calibrations with a NIST-traceable blackbody source and by the N + NO titration method. At elevated pressures, the observed intensities must be corrected for O removal by the coupled reactions Distribution Statement A: Approved for Public Release, Distribution Unlimited
For the NO flow rates and measurement configuration used here, these corrections were usually less than 1% and were never greater than 4%. To account for the effect of observing the emission through the curved flow tube wall, we crosschecked the calibration using air-afterglow measurements at the window station at 1. Figure 3 , for the 10 cm coating length and the 5% O 2 case. In general, the catalytically generated [O 2 (a)] tends to decrease with increasing gas-surface contact time (slower flow velocities) for the 5% O 2 case, and increases with contact time for the 50% O 2 case. We shall examine these trends in the next section. We also note that the catalytically generated Figure 5 for the 10 cm coating length and both O 2 /He cases. The value of this quantity has major implications for the nature of the gas-surface reaction mechanism that produces O 2 (a). The data for 5% O 2 /He reach a maximum of ~1 O 2 (a)/O at ~10 ms, and approach a long-time limit of ~0.5 O 2 (a)/O. These values would be consistent with a reaction mechanism in which a gas-phase O-atom diffuses to the surface and reacts with a surfacebound O to produce gas-phase O 2 (a). However, for the 50% O 2 /He case, the data reach a maximum value of ~2 O 2 (a)/O. This is a striking result. A reaction mechanism involving only atomic oxygen cannot account for the conversion of one gas-phase O atom into two gas-phase O 2 (a) molecules. Although O is clearly a necessary reactant, there must also be involvement of another component of the active-O 2 flow, such as ground-state or excited-state molecular oxygen. The excited-state species produced in the discharge are relatively labile and are quenched as the active-O 2 flow progresses downstream. This means that the discharge properties responsible for the excitation (E/N, O 2 fraction), as well as the flow time from the discharge region to the catalyst region, may be key ingredients to determining the activity and effectiveness of the catalyst. The complex character of this reaction mechanism, involving both atomic oxygen and other active-O 2 species, is remarkably similar to that for the catalytic formation of the metastable O 2 (A 3  u + ) by recombination of discharge-produced O atoms over nickel catalysts. 
DIFFUSION-LIMITED KINETICS MODEL
In order to apply the catalytic approach to EOIL test beds, we must address the scaling of the catalytic reaction to high pressures and flow rates. For example, the PSI MIDJet EOIL facility 4, 9 operates at subsonic plenum pressures from 20 to 70 Torr and at typical O 2 /He flow rates from about 30 to 80 mmole/s. Flow velocities in the subsonic section are typically 8000-10000 cm/s. These conditions are not conducive to the use of a wall-supported catalyst, since diffusion of the gas-phase species to the wall is slow at these pressures and the transport through the catalytic region is fast. It is impractical to use a single-bore catalytic flow tube long enough to provide adequate gas-surface contact time under these conditions. Our approach is to make a catalytic module consisting of several small-diameter channels coated with the catalyst material. In this way, the diffusion rate from the gas phase to the active surface is greatly increased, so that adequate contact time can be achieved in a relatively short distance. If the diffusion rate and/or catalytic reaction are fast enough, then straight channels will give sufficient surface area and small pressure drop. We have devised a simple kinetic model based on the flow reactor experiments to guide the design of a catalytic EOIL reactor.
The magnitudes of the O 2 (a) production rates indicate first-order O removal rates at the walls on the order of ~200 s -1 at 1.5 Torr and ~70 s -1 at 9 Torr. These values are consistent with the diffusion-limited regime, where the reaction occurs with near-unit collision probability at the surface and the overall rate is essentially the rate of diffusion from the flow to the surface. The catalytic O 2 (a) production rate is then given by the exponential growth relation:
where k D is the first-order diffusion rate of the precursor species to the wall, C o represents the initial gas-phase concentration of the precursor and t is the gas-surface contact time, t = x/U, x is the length of the coated region and U is the flow velocity. In conventional flow reactor kinetics applications, k D is usually taken to be the lowest-mode diffusion rate k D = (2.405/r) 2 D/P (r = tube radius, D = diffusion coefficient, P = pressure), however this treatment is incomplete at high pressures and fast flow velocities. The trace reactant species concentration distributions in the flow are given by solution of the continuity equation:
where  is the LaPlacian differential operator, C = concentration, U = mass averaged flow velocity, D is the binary diffusion coefficient, and k is the net rate of production or loss of the species by homogeneous reactions. (For this discussion, we omit the effects of axial diffusion, which are negligible at our flow velocities.) For a planar radial concentration profile, this equation can be solved analytically in terms of Bessel functions. For the present case, we neglect the homogeneous reaction term. The solutions for both planar and parabolic velocity profiles give an equation of the form:
For a planar radial velocity distribution, the solution is analytic and the values of  n are roots of the Bessel function. For a parabolic velocity profile, the values are determined numerically to be somewhat larger than the Bessel function roots.
In the discharge-flow reactor of Figure 1 , the radial velocity distribution is laminar and partially developed, i.e. approaching parabolic, over the length scale of the measurements. In contrast, the PSI MIDJet/EOIL subsonic flow operates at 20-70 Torr and ~8500 cm/s in a 1 cm x 5 cm rectangular duct, giving R e = 320 to 2150 and entry lengths considerably longer than the subsonic flow section. In this case the flow profile is far from fully developed, i.e. nearly planar, so the Bessel function solution applies.
When the flow has progressed for a long enough flow time, the exponential series collapses to only the n=0 term, exp{-( o /r) 2 (D/P)t}, referred to as lowest-mode diffusion. The flow time required for this convergence is governed by the diffusion rate D/Pr 2 , as illustrated in Figure 6 . For moderate to low flow rates at pressures less than about 10 torr, this period is short enough (<10 ms flow time) that the lowest-mode approximation is compatible with traditional dischargeflow reactors. However, this transition period can be very long (e.g. >>20 ms) for high-pressure, high-flow-rate systems such as EOIL reactors. As a convenient metric, for 5 cm diameter, the flow time in ms for C/C o to approach within 1% of the lowest-mode value is roughly equal to the pressure in Torr. During most of the flow time period affected by the higher-order modes, the diffusive transport rate is near zero. This implies very little horizontal transport in high-pressure flows requiring high flow rates and short reaction times. The effect of the higher modes is a time-varying diffusion rate which is very slow at short times and reaches the constant lowest-mode rate at longer times, as illustrated in Figure 7 . This results in a time delay or induction time for the onset of the reaction. Reduction of the individual catalyst channel dimensions (r) within the reactor reduces this induction time, and increases the gas-surface reaction rate for highpressure flow.
Distribution Statement A: Approved for Public Release, Distribution Unlimited Comparisons of the model predictions and the flow reactor data provide guidance for the design of catalytic channels for prototype EOIL reactors. Comparisons of predicted curves of growth and O 2 (a) production data for the 50% O 2 /He case are shown in Figure 8 for two different coating lengths. In each case, the model captures the initial rate of rise and approach to complete reaction. For the shorter catalyst length, it appears that the initial reaction rate at each pressure is faster and has a larger asymptotic limit, however the flow velocities are too fast for the reaction to reach completion. For the longer catalyst length, the O 2 (a) production approaches completion within the available contact time, and the asymptotic limits decrease with increasing pressure. The 5% O 2 /He data show decreasing O 2 (a) production at longer contact times (slower flow velocities). The observed effects of contact time and pressure suggest a complex gas-surface reaction mechanism for O-atom recombination involving a discharge-produced excited state which is quenched at the slower flow velocities and higher pressures. The curves in Figure 6 can be used to estimate a diameter scale required for good diffusive transport to the catalytic wall, i.e. the mesh size for a high surface area catalytic support structure in the EOIL flow. In dimensionless terms, the 1% damping point corresponds to Dt/Pr 2 = 0.170 (planar) and 0.108 (parabolic). These values give guidance for the horizontal scale required to achieve lowest-mode diffusion within a given flow time. For example, in MIDJet/EOIL at 50 torr, the "radius" required to achieve lowest-mode diffusion within 1 ms is 0.3 cm (from the planar criterion). This then defines the interstitial scale size (2r ~ 0.6 cm) required for a catalytic support structure at EOIL pressures. 
PRELIMINARY RESULTS: CATALYTIC EOIL
We designed and built a multi-channel catalytic reaction module which can be used to generate and operate the catalytic coating directly on the EOIL test bed. A concept illustration is shown in Figure 10 for implementation in the 1-5 kW MIDJet/EOIL reactor, which is described in more detail elsewhere. 4, 9 The module uses a conventional, 100 W microwave discharge on a sidearm to generate low-pressure active-oxygen flows through a Macor substrate section. The flow is pumped by an auxiliary roughing pump through another sidearm prior to the supersonic nozzle. The substrate section is also modular and contains a series of Macor slides mounted vertically at ~6.8 mm spacings to form a series of channels across the 10 mm high flow duct. The spacing between the slides is based on our diffusion model calculations to give good gas-surface contact at the laser operating pressure without causing excessive pressure drop. The length of the section consists of two to four modules of ~7.5 cm long substrate assemblies. A series of iodine inlets along the substrate section provides small iodine flows for the coating process. The catalytic coatings are generated on the Macor slides using the low-power side-discharge at low pressures (~4 Torr) compatible with our conditions on the low-pressure flow reactor, then they are maintained in vacuo until the high-pressure MIDJet/EOIL operations are initiated. The modules are made of acrylic so that we can visually gauge the development of the coating on the Macor slides. We have observed MIDJet-produced O 2 (a) levels at typical elevated flow and pressure conditions before and after the coating process to evaluate catalytic enhancements, and we have injected iodine flows into the catalyst effluent to investigate the effects on the small-signal gain in the supersonic cavity. Experiments to date have used two of the four modules, ~15 cm total substrate length. In each case, the Macor slides were coated with iodine oxide using the low-power side-discharge at a few Torr and flow velocities of ~2500 cm/s, with small flows of iodine entering each module through a set of small orifices across the top. A small positive flow of helium through the MIDJet discharge section and the window purges protected the MIDJet head and the windows from any oxide deposition. In addition, a slide valve immediately upstream of the nozzle prevented the flow from entering the supersonic flow section. During the coating procedure, we measured the O 2 (a) concentrations just downstream of the modules to evaluate the catalytic effectiveness. The coating procedure gave readily detectable ~50% increases in O 2 (a) during the process, however there was significantly less iodine oxide deposition on the first set of slides than on the second set. An example of the deposition patterns observed in post-experiment inspections is shown in Figure 11 . Other experiments injecting the I 2 ~ 2 cm further downstream in the first module provided improved coverage with generally similar deposition patterns. More work is in progress to improve the coating deposition and to investigate the effects of coating length by adding more modules. For these experiments, we estimate effective gas-surface contact times of about 1 ms, for which the diffusion model indicates 20%-30% completion of the O 2 (a) enhancement reaction. For MIDJet/EOIL operations at 1 kW discharge power, 5% O 2 /He at 74 mmole/s and 42 Torr, we observed an O 2 (a) enhancement of ~22% over that observed with no coating on the slides, consistent with the estimate of the reactivity from the model for these flow conditions, coverage, and gas-surface contact time.
We compared the small signal gains produced in the supersonic cavity for MIDJet/EOIL conditions with and without the presence of the coating on the substrate surfaces. The results are shown in Figure 12 , illustrating a substantial (~60%) increase in gain when the iodine oxide coating was present. The MIDJet discharge was operated at 1 kW power for 5% O 2 /He at 74 mmole/s. I 2 was injected into the subsonic flow downstream of the catalytic section and 4.7 cm upstream of the nozzle throat, at a subsonic concentration of ~3 x 10 14 cm -3 . NO was added through the discharge at flow rates which were adjusted to optimize both the I* emission intensity and the gain. The optimum NO flow rate was 0.19 mmole/s for both cases. The gains observed with and without the catalytic coating are consistent with our previous observations without the substrate modules, and are more than sufficient to support lasing in future tests. The increase in gain is much larger than the observed O 2 (a) enhancements. This is due in part to the inherently nonlinear nature of gain scaling in this chemical system, however it may also be that NO is contributing to the gain scaling as we observed in our previous catalytic flow reactor experiments. 13 In general, the MIDJet/EOIL experiments with the catalytic coating appear to be mirroring the trends we have observed in the low-pressure flow reactor, despite the differences in flow regimes and configurations. More comprehensive analysis of the data for I* concentrations, I 2 dissociation fractions, and [I*]/[I] inversion ratios is under way, as well as additional experiments with three and four catalytic modules to give more complete conversion to O 2 (a).
SUMMARY
We have described continuing experimental research into the characteristics of catalytic production of O 2 (a) by reaction of active-oxygen on iodine oxide surfaces. The catalyst material is robust at elevated pressure and temperatures, and supports O 2 (a) production with high reaction efficiency. Atomic oxygen is clearly a reactive precursor, however it appears that other active-oxygen constituents must also participate in the gas-surface reaction mechanism. The experimental O 2 (a) curves of growth were fit to a diffusion-limited reaction rate model to provide the basis for designing a high-pressure, fast-flow catalytic module for an EOIL test reactor. Preliminary tests of this concept on the PSI MIDJet/EOIL facility resulted in substantial enhancements of the small-signal gain even for relatively short gas-surface contact times. We are continuing to investigate the catalytic reaction mechanism and its application to EOIL laser operation.
